Background While some published literature exists on the use of interactive patient care systems, the effectiveness of these systems on the management of pain is unclear. To fill this gap in knowledge, we aimed to understand the impact and outcomes of pain management patient interactive systems in an inpatient setting. Methods A systematic literature review was conducted across seven databases, and results were independently screened by two researchers. To extract relevant data, critical appraisal forms were developed and each paper was examined by two experts. Information included patient interactive system category, patient population and number of participants/samples, experiment type, and specific outcome measures. Results Out of 58 full-text articles assessed for eligibility, 18 were eligible and included in the final qualitative synthesis. Overall, there were two main types of pain management interactive systems within the inpatient setting (standalone systems and integrated platform systems). While systems were diverse especially for integrated platforms, most reported systems were entertainment distraction systems. Reports examined a variety of outcome measures, including changes in patient-reported pain levels, patient engagement, user satisfaction, changes in clinical workflow, and changes in documentation. In the 13 systems measuring pain scores, 12 demonstrated a positive impact on pain level scores. Conclusion Pain management systems appear to be effective in lowering patient level scores, but research comparing the effectiveness and efficacy of one type of interactive system versus another in the management of pain is needed. While not conclusive, pain management systems integrated with other technology platforms show potentially promising effects with improving patient communication, education, and self-reporting.
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Background and Significance
The management of acute pain in a hospital setting is a multifaceted, complex process made no less complicated by the fact that each patient's experiences with pain is subjective and unique. Providers are being taught to consider pain as the "sixth vital sign," with this emphasis reinforced by the priority placed on patient feedback on how their pain was managed on the Hospital Consumer Assessment of Healthcare Providers and Systems survey, the most widely used metric for patient satisfaction. 1 Successful pain management goes beyond simply reacting to acute pain with medication, as evidenced by the Joint Commission, hospitals are required to involve patients in pain management treatment planning, to educating patients on pain management discharge plans, and to providing nonpharmacologic pain treatment modalities. 2 Individuals experience pain differently, with demographic factors such as race/ethnicity, age, and gender 3, 4 and psychological factors such as anxiety and past experiences 5, 6 possibly impacting how patients perceive and respond to the treatment of pain. Complicating things further, patient satisfaction with pain control is not the same as patients simply endorsing the absence of pain. In fact, Pronovost and colleagues showed that patients were more likely to rate their overall satisfaction high if they perceived that their care providers did everything possible to control pain, regardless of how much pain the patients were actually in. 7 In response to this need for individualized approaches, hospitals are turning to information technology to develop and implement systems to support an optimal multifaceted pain management process. Many of these applications have focused on automation of the pain assessment and documentation process, [8] [9] [10] or on the use of mobile applications to engage patients in tracking and managing their pain. 11, 12 Web-based intervention systems create opportunities to enhance patient education and engagement via interactivity, 13, 14 defined as the "extent to which users can participate in modifying the form and content of a mediated environment in real time." 15 For the purposes of this review, we refer to inpatient interactive systems in a broad sense of patient/ caregiver usage of technology that delivers one or more of the following features: health self-management, communication, education, or entertainment/distraction services in an inpatient hospital setting. These systems are designed to enhance or promote patient engagement through interacting with the system's components through specific electronic devices, inpatient portals, or inpatient television screens.
Patients who are more actively involved in their health care experience better health outcomes, lower health costs, and higher levels of satisfaction. [16] [17] [18] The use of patient interactive systems in the management of pain have been reported in the literature since the early 2000s when virtual reality (VR) systems were introduced to distract patients during painful therapy or treatment. In more recent years, the use of these systems has extended beyond a means of distraction to serve as a platform for patient-provider communication and enhance access to patient-standardized patient education. These systems can potentially allow for a more patient-centered care approach and an improved clinical workflow.
Previous systematic reviews explored patient engagement systems, 19 demonstrated the effects of patient interactive systems on patient engagement, 20 and their impact on patients' self-management of health, such as diabetes, 21 asthma, 22 weight loss, 23 and smoking cessation. 24 To our knowledge, no review has been conducted on the impact of patient interactive systems on pain management, particularly in an inpatient setting.
Objectives
We aimed to summarize the current state of scientific literature regarding the use of patient interactive systems designed for the management of pain within an inpatient hospital setting. Specifically, we sought to determine whether patient engagement through the use of interactive systems for pain management leads to improvements in clinical care, clinical workflows, patient outcomes, or user satisfaction.
Methods

Search Strategy
We systematically searched the literature to capture all publications relating to the impact of patient engagement and the use of interactive systems on clinical care, workflows, patientreported outcomes, and user satisfaction. We registered the review protocol in PROSPERO, 25 and conducted searches across 8 databases: MEDLINE and Embase (both via Ovid), Cochrane Library (via Wiley), Web of Science, Scopus, Global Index Medicus, ClinicalTrials.gov, and WHO ICTRP. Additionally, we consulted the reference lists of relevant systematic reviews and hand-searched conference proceedings. In accordance with the Methodological Expectations for Cochrane Intervention Reviews guidelines, 26 we employed a combination of controlled vocabulary and natural language and we placed no limitations on date of publication or language. A complete search strategy is available in the ►Supplementary Appendix (available in the online version). Searches were first conducted in June 2018 and results were updated in May 2019. Results were compiled and de-duplicated using EndNote (Version X7). 27 Studies that describe the implementation or use of a patient interactive system for the management of pain in an inpatient hospital setting were included in this review. Exclusion criteria included reports exclusively in outpatient or home care settings, not utilizing an interactive pain management system, and not engaged in pain management activities. Articles that did not report original data, such as narrative reviews or opinion pieces, were also excluded.
Screening and Study Selection
Three experienced researchers (health information professional, health informatics professional, and medical doctor) conducted the screening. Two independent screeners (R.A. and M.P.) reviewed each title and abstract for inclusion using Rayyan, a Web application that supports collaboration among researchers during screening and study selection. 28 Where discrepancies existed between the two screeners, a decision was reached through discussion or, where necessary, by a third screener (C.B.). Full-text screening followed title and abstract screening, again with the two independent screeners determining inclusion. Screeners recorded rationale for exclusion, which is reported in a Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram (►Fig. 1). 29 
Data Extraction and Classification
We developed data extraction forms that captured whether articles reported on specific outcome measures: (1) changes in clinical workflow; measuring a set of outcomes measures, which may include pre-and postcomparison studies; (2) patient engagement; measuring dimensions of patient participation, patient activation, patient engagement, patient moti-vation, or self-efficacy through patient reports, validated surveys such as the Patient Activation Measure, the Altarum Consumer Engagement Measure, or measures defined by authors such as "sense of presence" 30 ; (3) user satisfaction (patient, parent, or nurse); measured through patient reports, validated surveys, or qualitative measures such as patient interviews; (4) changes in patient-reported pain level scores; measured through a validated clinical pain assessment tool; and (5) changes in electronic health record (EHR) pain documentation; measuring a set of outcomes measures, which include pre-and postcomparison studies.
Where available, we collected further information on the mechanism for gathering that data, such as the use of a validated survey or measurement tool. We also recorded the type of interactive tool being utilized, the number of participants, and whether it was an adult or pediatric population. One author developed the forms, which were then piloted and refined by the other two authors.
Risk of bias was assessed using ROBINS-I (Risk Of Bias In Non-Randomized Studies -of Interventions) for nonrandomized studies and GRADE (Grading of Recommendations Assessment, Development, and Evaluation) for randomized studies. 31, 32 Two independent screeners performed data extraction and risk of bias assessment using Qualtrics. 33 Discrepancies were resolved through discussion with a third screener. Due to the heterogeneity of the studies, meta-analysis was not possible.
Results
The combined search strategies identified 1,894 electronic records for the title and abstract screening phase, which yielded 58 potentially eligible studies for full-text screening. Of these, 18 met the study inclusion criteria and were included in the final qualitative synthesis phase (►Fig. 1).
Ten studies explored the use of interactive pain management systems in an adult population, four in a pediatric population, and three included both an adult and pediatric population. There were 13 randomized controlled trials (RCTs) and 5 non-RCTs. All studies were published in English and three studies were conducted outside of the United States.
Study Quality
Results of the risk of bias assessment for RCTs are reported in ►Fig. 2. Only one trial was at low risk of bias for all quality criteria 34 while all others included some unclear or high risk of bias for some quality criteria. The risk of bias assessment for nonrandomized studies is reported in ►Fig. 3. Overall, the majority of studies were found to have an unclear risk of bias.
Types of Pain Management Interactive Systems
There were two main types of pain interactive systems described: standalone systems (systems designed to include one specific function) and platform systems (systems designed to include more than one function). These are summarized in ►Table 1 and described further below.
Standalone Interactive Systems
There were 14 stand-alone interactive systems described, of which 9 focused on the use of VR designed to distract patients from abdominal pain, 35 or burn patients from pain during physical therapy sessions 30, 34, [36] [37] [38] or wound/dressing changes. [39] [40] [41] One system described using interactive music therapy, 42 two other described a Web-based virtual nurse designed for patient-provider communication and patient education, 42, 43 and one described a bedside educational multimedia program intervention accessed through iPads. 44 Finally, one paper described a personalized patient-controlled analgesia (PCA) device for oral medications. 45 
VR Distraction Systems
The use of VR systems in the management of pain offers a psychologically based approach to help minimize pain. These systems are computer-generated environments, where "… patients typically use a head-mounted three-dimensional visual screen to interact with a computer environment to draw attention away from their pain." 39 Carrougher et al described why VR is helpful in reducing patient pain by explaining that "…individuals have a limited amount of attention that can be divided between incoming stimuli, and pain, which requires attention. Because VR is a highly attention-grabbing experience, it can be an effective psychological pain control technique." 36 Hoffman et al published the earliest studies (conducted in 2000 and 2001) that examined the use of VR by burn patients during physical therapy sessions. 30, 38 Studies that followed examined the efficacy of using VR in controlling pain in children with acute burn injuries, 41 factors that influenced the efficacy of VR in distracting patients during physical therapy, 36, 37 and examined whether preprocedural VR-guided relaxation added to morphine-reduced pain severity during dressings changes in burn patients. 40 Later studies focused on testing the feasibility and potential effects of a low-cost VR systems in reducing patient pain during physiotherapy in a developing country, 34 examined the repeated use of VR to control pain during wound dressing changes, 39 and studied the impact of VR on patients suffering from acute abdominal pain. 35 
Interactive Music
Among the reviewed studies that examined the use of entertainment/distraction in the management of pain during therapy, Li et al was the only study that described the use of an interactive music therapy intervention. 42 The intervention was designed to allow patients to choose their preferred music, control music volume, and listen through a personal headphone connected to an MP3 player. The authors reported the effects of the intervention on reducing pain after radical mastectomy in cancer patients in China.
Communication/Educational Systems
There were three studies that examined and evaluated the development of an educational/communication system, which is designed to deliver personalized pain-relieving educational videos through different types of output devices. Two studies investigated the development of a virtual nursing Web-based intervention to improve pain relief in cardiac surgery patients and reported on the preliminary effects of the system. 42, 44 The Web application generates reflective personalized activities and specific educational messages designed for patients based on their beliefs and attitudes. The system messages are transmitted through videos of a virtual nurse, animations, stories, and texts. The third study evaluated the efficacy of a bedside multimedia intervention accessed through iPads. The intervention is designed to engage patients in their recovery process after total knee replacement surgery. 44 Personalized PCA Device One study described a novel oral PCA dispenser providing ondemand pain medication at the bedside. The device has three main features: a drug dispensing unit, a radiofrequency identification wristband used for patient's registration, and a PillBox; "a patient-specific, mouth-actuated, disposable receptacle from which the patient receives the pill." such as inpatient bedside television screens or portable devices. Other systems' capabilities may include EHR integration and real-time patient-provider communication and alerts. 46 There were four studies describing the use of interactive platform systems built to support patient engagement and timely nursing pain reassessment documentation practices. Two described the effects of integrating an interactive platform system, accessed through the inpatient television screens, with the hospital's EHR system, medication dispensing machine, and the nursing staff call system. 47, 48 The third study described a similar interactive platform system for bedside pain reporting through the television; however, the system was not integrated with the nursing staff call system. 49 The fourth study described the perceptions of nurses who use an interactive system via iPads and televisions in their daily work. 50 This system was mainly built to support patient-provider communication and patient access to the EHR.
Outcome Measures
We extracted 28 outcome measures from the 18 papers ranging between one and four outcomes per study. These outcomes mapped to five themes: (1) 
Standalone Interactive Systems
VR and Interactive Music Distraction Systems Studies that described the use of VR and interactive music as an entertainment/distraction intervention for the management of pain all reported changes in patient-reported pain levels, as a main outcome measure, using a Visual, Graphical, Numeric, or a modified Faces Pain Rating Scale. A total of 8 out of 9 VR distraction pain management intervention studies reported a statistically significant decrease in patient-reported pain level scores (►Table 2). 30, [34] [35] [36] [37] [38] [39] 41 Konstantatos et al was the only This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited. study that reported that use of VR-guided relaxation during dressings changes resulted in higher pain scores when compared with the use of morphine alone (p ¼ 0.003) (95% confidence interval: 0.6-2.8). 40 In addition to reporting changes in patient-reported pain levels as a main outcome measure, four VR intervention studies reported levels of patient engagement and one reported levels of patient satisfaction as a secondary outcome measure. Studies that reported levels of patient engagement 30,36-38 used a 1 to 100 Visual or Graphical Analog scale to measure sense of presence "illusion of being inside the computer-generated environment" 30 and engagement while using the VR system. 30 Hoffman et al reported average engagement mean scores in both of their studies. 30, 38 Carrougher et al showed that approximately half of the adult burn patients rated their level of presence and engagement with the VR during physical therapy treatment, at lower average scores, 36 while Sharar et al showed that children reported higher levels of engagement than adults. 37 Among this group, only one study reported levels of satisfaction with the use of VR as a secondary outcome. The authors measured levels of satisfaction through a series of interviews with parents and nurses. Nursing staff indicated that the use of VR during wound dressing changes was helpful in distracting children from pain and "all parents agreed with the positive effects of VR in pain management for their child. They all commented that the child's anxiety level was perceptibly less when using VR, and the child looked forward to playing the VR game." 41 The interactive music intervention study measured pain scores at baseline and three posttests reporting on the Pain Rating Index (PRI-total) score from baseline. Music therapy was found to reduce the PRI-total score in the intervention group compared with the control group. 42 Communication/Educational Systems The two studies published by Martorella et al describing the use of a virtual nursing Web-based intervention for selfmanagement of pain postcardiac surgery, reported changes in patient pain levels using the Barriers Questionnaire-II. 43 Patients in the intervention group reported fewer pain-related barriers (mean: 10.6) than patients in the control group (mean: 15.8, p ¼ 0.02). In their follow-up study, the authors reported the acceptability of the virtual nursing Web-based intervention, by measuring the perceptions of patients using a questionnaire. 51 Most of the patients indicated that the strategies proposed responded to their needs and that the information provided helped control pain and lessen worries.
A recent study by McDonall et al evaluated the efficacy of a clinician-facilitated, bedside multimedia intervention for patients recovering from total knee replacement surgery. 44 The study described changes in pain-reported outcomes postoperative day 3 as a main outcome measure using three different measures: pain intensity (Numerical Rating Scale), pain quality (American Pain Society Outcome Questionnaire-Revised), and pain treatment analgesic management (medical record audit). Patients in the intervention group reported a lower mean worst pain score (6.05) than the control group (7.05, p ¼ 0.04). Secondary outcomes included patient activation, length of hospital stay, knee function, and satisfaction with care. The intervention group had lower length of stay (5.29 days vs. 6.29 days, p ¼ 0.04), higher levels of patient 
Personalized PCA Device
The study of the oral PCA dispenser reported an improvement in the clinical workflow from a total of eight to three steps. The authors also reported three secondary outcome measures: (1) high level of patient engagement (success rate for using the device of 90%); (2) lower patient-reported pain levels during day 1 and day 2 postoperative during rest (33.56% reduction, p ¼ 0.0058) and movement (28% reduction, p ¼ 0.0012); and (3) high satisfaction with the usability of the device as indicated by both patients and medical staff (80% were satisfied). 45
Interactive Platform Systems
Two studies describing the implementation an interactive pain management platform system accessed through inpatient television screens, reported improvements in patient pain reassessment nursing documentation practices by calculating the percent of pain documentation occurrences pre-and postsystem implementation. The authors also reported: (1) improvement in clinical workflow by implementing nursing automatic alerts to conduct timely reassessments of pain, and (2) low levels of patient engagement with the system by calculating system usage rates. 47 In their follow-up study, the authors captured the perceptions of nurses and parents with the use of the system. Parents were more satisfied with the experience compared with nurses and both nurses and parents indicated that timely reassessments of pain was the most valuable system feature. 48 A second group of authors described a quality improvement project to integrate a similar pain management interactive system with the hospital's EHR and medication dispensing system. The authors reported an increase in patients' satisfaction scores with the hospital's pain management initiatives, as a result of the integration. The authors also reported an increase in documentation of nonpharmacologic interventions. 49 Patmon et al interviewed nurses to capture their perceptions with using an interactive patient engagement technology during their daily clinical practice. Nurses reported effectiveness of the tool for distraction therapy, satisfaction with the functionality of the tool, positive implications for clinical practice, and the need for additional training to improve usage. 50
Discussion
Our systematic review identified the types of patient interactive systems used in the inpatient setting for the management of pain and the impact of these systems on controlling patient pain levels, hospital workflows, patient engagement, and user satisfaction. The majority of the studies included in our review were VR systems used for distracting burn patients during physical therapy treatment or wound dressing changes. These types of studies mainly reported the effects of using VR systems on controlling patient pain levels during hospitalization. These systems along with the communication/educational systems, which were included in our review, have shown to be effective in managing pain levels for patients.
With recently published studies, we found that there is a smaller but growing body of evidence describing the use of interactive platform systems promoting self-management of pain, increasingly with integration into different hospital technology systems. These interactive systems earned positive feedback from users, increased levels of satisfaction, and resulted in improved clinical workflows. Our review also revealed that interactive platform systems designed to support more than one aspect of pain management during hospitalization can potentially align with national pain management standards. Specifically, these systems may assist with increasing patient engagement in pain management treatment planning through education, providing nonpharmacologic pain treatment modalities, and facilitating reassessment and timely responses to patient's pain through automatic documentation of response(s) to pain interventions. 2 Additionally, some studies demonstrated the feasibility of integrating these systems with the EHR to support clinical documentation, create standardized fields for patient-generated pain assessment data, and allow patients to access their records. Having the ability to integrate these systems with the EHR system, taking into account a standardized pain information model, 52, 53 may potentially be of great value for health care organizations seeking the adoption of these interactive pain management systems, support secondary use for research purposes, 54 and create an opportunity to study the effects of these systems on reducing patient pain levels.
While the different interactive pain management platform systems included in our review have been well received by users, the number of patients/parents and nurses that used these systems was relatively low. To determine areas of improvement and enhance the systems' use among both patients/parents and clinicians/nurses, it is essential to conduct a usability evaluation study. [55] [56] [57] Expanding the use of these interactive platform systems for the management of other conditions may have the potential to support many patient engagement initiatives. [58] [59] [60] [61] [62] Limitations of this review include the different definitions of interactivity, patient engagement, and outcome measures, making direct comparisons difficult. The differences in definitions, populations, and study designs led to heterogeneity, which in turn made a meta-analysis infeasible. This lack of a meta-analysis limits our ability to draw conclusions regarding the efficiency, efficacy, and effectiveness of one type of pain interactive system when compared with a different type of system. This is especially true when examining entertainment/distraction systems versus interactive platform systems, due to lack of research studies that report the effects of interactive platform systems in managing patient pain levels.
Another limitation is related to the sample sizes of some of our reviewed studies. Four of the nine reviewed VR studies had a very small sample size ranging from 7 to 12 patients. The reduced sample size limits the ability to generalize the results of these studies, and further research with a larger sample size may provide better understanding of the usefulness and effectiveness of those specific VR systems as a nonpharmacological approach to pain relief.
The impossibility of blinding participants and assessors in these studies also introduces the possibility of bias. Some studies lacked the specific details related to addressing the risk of bias, while other studies entirely did not mention it. This in turn resulted in an unclear risk of bias in the majority of the studies included in our review.
Finally, the five outcome measure themes described in our review were not equally represented in the literature and were heterogeneous within outcome measure themes. Limiting our review to those articles describing only pain management interactive patient care systems and its application in the inpatient care setting likely influenced the representation of outcome measures we observed. By restricting our review, we may have also unintentionally removed meaningful details from other patient interactive systems.
We also observed a diversity in evaluation criteria and a lack of a standardized framework for measuring the efficiency and effectiveness of interactive pain management interactive systems. Improved standardized evaluation assessments will help to improve our ability broadly to assess and improve health outcomes in existing and future pain management interactive systems.
Conclusion
The use of inpatient interactive systems in the management of pain is an emerging area of interest for researchers and health care providers in the era of modern health care technology and increased focus on patient engagement. These systems have primarily been entertainment-focused and built to distract patients during a treatment procedure and have shown an impact in lowering levels of patientreported pain scores. Inpatient interactive pain management systems integrated with the hospital's EHR further facilitate patient-provider communication, patient education, and self-reporting; they show promising effects on timely pain assessments, increasing patient satisfaction, and patient engagement. Further high-quality studies with a more standardized approach to implementation and assessment are necessary to reinforce and validate these findings.
